The aim of this publication is the designing and the CAD modelling of the Gleason - 
Introduction
The main properties of the bevel gears having arc tooth direction are [2, 4, 5, 8, 9, 12, 16 -23] the good labor productivity of the production, the economical production, the decreasing of the tool consumption and the improvement of the gearing quality.  if rs=0, the tooth direction is a circle. This is the Gleason type circular tooth. The main property is the changing whole depth. These gears could be manufactured by division per tooth and generation.
 if rs≠0, the tooth direction is epicycloid. In this case the whole depth is constant along the whole tooth length. They are the Fiat -Mammano, Oerlikon and Klingelnberg cycloid tooth methods.
 if rs=∞, the tool circle will be a line which is rolling down on the Ra crown wheel. The established tooth direction will be involute. This is the Klingelnberg -type involute tooth.
Bevel gear has bearing only on one shaft end that is why this shaft end could be done significant deformation due to the load. In case of bevel gear the shape of the tooth surface is barrel-shaped that is why the tooth connection could be swivel [1, 2, 4, 5, 8, 9, 12, 13] . Based on them this type of bevel gear has low noise, better lubrication conditions and tool life.
Gleason-type manufactrung method
Gleason Works has developed the first bevel gear working machine which is worked by division per tooth and generation per tooth. The tool is a face-mill cutter on which the cutting tools are situated along a circle. The distances between the cutting tools are equal ( The theoretical figure of the manufacturing process could be seen on Figure 3 and 4. The head cutter is kept by the cradle. This cradle could be moved around its own axis by a determined angle and speed. The workpiece is fixed to the work spindle. The vertex of a cone is overlapped with the center point of the crown wheel [2, 4, 8] . The plane which is established by the head edges of the cutter is tangential to the generatix of the root cone of the workpiece. The cutting edges of the head cutter is manufactured the teeth of the workpiece along a helical line by generating method. After one tooth generation, when the manufactured tooth is not contact with the cutter, the workpiece is turned by one tooth pitch automatically. After that the generation process could be repeated. Based on this the circular gearing process is a discontinuous method [2, 4, 7, 8, 11, 12, 13, 16 -23] .
The process is ensured high cutting power because of the cutter having more cutting inserts. If the number of cutting inserts around the circle is increased the surface quality of the generated teeth will be improved [2, 4, 7, 8, 11, 12, 13, 16 -23] .
Determination of the tooth profile and tooth direction by mathematical way
Knowing of the geometry of the major cutting edge of the head cutter the      , , g r  generation curve of the major cutting edge is given in the Kg (ζ, η, ξ) coordinate system ( Figure 5 ). Rotation motion has to be ensured for the head cutter:
The transformation between the ⃗ 2 rotation and the ⃗ 2 stationary coordinate systems is [10, 11] The total mathematical description of the manufacturing process of the Gleason method could be seen on Figure 6 .
According to (1) - (4) the motion expressions of the head cutter could be written by mathematical way ( Figure 5 ) [10, 11] . Knowing of the motion of the cradle, the necessary transformation matrix is in K1R coordinate system, the relative velocity vector, based on (7) is [2, 3, 10, 11] :
where P1k is the kinematic mapping matrix [2, 3, 10, 11]:
On the tooth surfaces of the meshing teeth, it can be defined -as contact points on surfaces mutually covering each other -by solving the connection equation -which expresses the 1st Law of Contact -and the vector-scalar function simultaneously [1, 2, 3, 6, 10, 11] : (12) Knowing of the mathematical description the designing of the bevel gear having circular tooth direction could be realized ( Figure 7 ) in general case. A bevel gear pair having concrete geometry has been designed and the CAD models of the gear pairs have been created because of the geometric analysis, the connection development and TCAs (Figure 7 , Figure 8 and Table 1 ). a) driving gear b) driven gear
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Tooth contact analysis
The aim of the TCA is the determination of the mechanical parameters of the tooth contact zone. Based on the determined parameters the modification of the geometric parameters could be done because of the favourable TCA results [1, 6, 10] .
Determination of the material quality and the finite element mesh
The property of the material used for the analysed mating bevel gear is defined in Table 2 . 
Yield stress 250 MPa
Tensile strength 460 MPa
Temperature

°C
During defining the finite element mesh in the contact zone, sphere volume (80 mm radius) that consists of dense triangles (2 mm mesh dimension) has been applied on the toothed area ( Figure 9 ). The friction coefficient in the tooth contact zone is μ=0.15. 
Setting the loads and boundary conditions
During the analyses, the gear having less number of teeth (pinion) drives the gear having more number of teeth. 5 degrees of freedom were fixed of the pinion gear wheel, only the rotation along the rotational axis was allowed. The pinion wheel was loaded by M=800 -1200 Nm of moment by 100 Nm steps. 6 degrees of freedom of the driven gear were fixed.
Normal mechanical values have been detected which are perpendicular for the tooth surfaces as an effect of the different loads, on the tooth surfaces of the pinion and driven gear wheels. During the connection more tooth pairs are connected. We have analysed the first contact zone when the difference teeth are stepped into the contact area. The established TCA parameters have been analysed on the tooth surface of the driven gear.
Normal stress analysis
The finite element results of the normal stress in the function of the moment are shown on Figure 10 . Results are shown on a diagram (Figure 11) . In absolute value, as an effect of the increasing load moment, normal stress values also increase on the tooth surfaces of the driven gear in absolute value (Figure 11 ). 
Normal elastic strain analysis
The finite element results of the normal elastic strain in the function of the moment are shown in Figure 12 . Results are shown on a diagram ( Figure 13) . In absolute value, as an effect of the increasing load moment, normal elastic strain values also increase on the tooth surfaces of the driven gear in absolute value. Results are shown on a diagram (Figure 15) . In absolute value, as an effect of the increasing load moment, normal deformation values also increase on the tooth surfaces of the driven gear in absolute value.
Figure 15 Load -normal deformation diagram
Conclusion
The type of the bevel gears having arc tooth direction was analyzed. According to the type of the cutting tool and the applied manufacturing technology three main types of bevel gear having arc tooth direction are differentiated.
In case of the Gleason-type manufacturing method the tooth direction is circular arc. During the process the head cutter is done rotation motion around its own axes and the axis of rotation of the cradle while the workpiece is done discreet rotation motion by the steps of the number of teeth. This technology could be described by mathematical way which is necessary for the technological analysis, the geometric designing and the creation of the CAD models of the bevel gear pairs. Naturally an own computer software has been developed because of the facilitation of the calculations and the designing. This process could be used for many types of Gleason's bevel gears in general case.
A bevel gear pair having arc profile and concrete geometry has been designed. The CAD models have been created by SolidWorks software. After the part designing the geometrical correct assembly could be done.
This gear pair has been loaded by different moment continuously. The received TCA parameters have been analyzed on the tooth contact zone on the surface of the driven gear by Ansys software. These parameters have been determined perpendicularly for the tooth surfaces.
Linear and increasing correlations have been achieved among the moment and the analyzed TCA parameters (normal stress, normal deformation and normal elastic strain).
